The kinetics of the oxidation of 3-methyl-2,6-diphenyl-piperidin-4-one by quinolinium fluorochromate (QFC) have been investigated in aqueous solutions of dimethyl sulphoxide, 1,4-dioxane, tert-butanol and acetone. The influence of the added co-solvent on the reactivity were analysed in the light of various simple and multiple regression equations, viz the Laidler-Eyring, Grunwald-Winstein, Swain and Kamlet-Taft equations. The obtained results showed that the solvation phenomenon plays a dominant role on the reactivity.
INTRODUCTION
Kinetic investigations of redox reactions in aqueous organic solvents and the subsequent correlation of the reaction rates with various solvent parameters provide important information regarding the mechanism of such reactions. Solvent variations may affect the kinetics and the energy of the electron transfer processes, particularly in mixed solvent media, in a complex manner as the physicochemical properties of mixed solvent media are often quite different from those of the pure solvents or of their ideal mixtures. 1 A number of solvent polarity scales, like relative permittivity, solvent ionizing power, etc., have been established to quantify the influence of solvent on reactivity. In spite of the observation that single empirical parameters can be used as good approximations of solvent polarity, multiple solvent effects on kinetic processes are revealed only by using linear combinations of solvent parameters. Although the separation of solvent effects into various solvent-solvent-solute interactions mechanisms is purely formal, the multi-parameter approach to solvent effects has been shown to work well. 2 The objective of the present work, therefore, was to study the title reaction (as the kinetics and mechanism of this reaction are well understood in aqueous acetic acid medium 3-7 ) in four different water-organic solvent mixtures of various compositions, to check the utility of such solvent variation studies in the interpretation of mechanism. EXPERIMENTAL 3-Methyl-2,6-diphenyl-piperidin-4-one 8 and QFC 9 were prepared and purified by literature methods. The other reagents and solvents used were of AnalaR grade. Doubly distilled water was used throughout the study. The reactions were performed under pseudofirst-order conditions by keeping an excess of the [ substrate] over [ QFC] . The progress of the reaction was followed by estimating the unreacted oxidant iodometrically at 25 ºC. The rate constants were determined by the least squares method from the linear plots of log over [ QFC] vs. time. Duplicate runs showed that the rate constants were reproducible to within ± 3 %. Correlation analyses were carried out using Microcal Origin Computer Software. The goodness of the fit was discussed using the correlation coefficient (r), coefficient of multiple determination (R 2 ), standard deviation (sd) and Exner's statistical parameter (y ). 10 
RESULTS AND DISCUSSION
The oxidation of 3-methyl-2,6-diphenyl-piperidin-4-one by QFC was studied in aqueous mixtures of DMSO, 1,4-dioxane, tert-BuOH and acetone at 25 ºC. The observed pseudofirst-order rate constants (k obs ), for different mole fractions of the added organic co-solvent, are collected in Table I . Since the results of the kinetics, stoichiometric and product analysis are similar to those of the oxidation of the title compound by pyridinium fluorochromate, 11 in this article I presents the effect of the added co-solvent on the kinetics alone. A probable mechanism consistent with the kinetic data is given in Scheme 1. The proposed mechanism involves the formation of the enol in the first equilibrium step. QFC, being a two electron oxidant, prefers to attack the enol form in a slow second step leading to a transition state. 12 This undergoes fast hydrolysis and further oxidation to yield the main product. The above mechanism satisfactorily explains the different kinectic aspects and non-kinetic factors of the present investigation.
The influence of the relative permittivity of the solvent on the rate of the reaction was studied in four different water-organic solvent mixtures at seven different mole fractions (0.3-0.9) of organic co-solvent. It was observed that, in all the studied solvent mixtures, the k obs values decrease with decreasing relative permittivity of the medium (i.e., with increasing mole fraction of the added organic co-solvent). The influence of the relative permittivity on the rate can be described by the equation of Laidler and Eyring. 13
where k is the rate constant, Z the net charge, r the effective radius and r* the radius of the activated species. A plot of log k obs versus 1/e r is linear (r > 0.982, y <0.23) with a negative slope in all the solvent mixtures studied. This is probably due to the fact that as the mole fraction of organic co-solvent in the medium increases, the concentration of the enol form, and hence the rate of the reaction, decreases.
The solvent effect was analysed using the Grunwald-Winstein equation. 14
where Y is an empirical parameter (solvent ionizing power) characteristic of the given solvent and m is a substrate parameter measuring the substrate sensitivity to changes in the ionizing power of the medium. Plots of log k obs vs. Y in water-1,4-dioxane and water-acetone mixtures (for the other two mixtures Y values are not available) are linear (r > 0.991, y < 0.16) with positive slopes. The positive value of m (0.127 in water-1,4-dioxane and 0.075 in water-acetone mixtures) suggests that the transition state is more polar than the reactants. 15 Such a transition state would be destabilized with increasing content of organic solvent in the medium and hence the rate of the oxidation would be decreased. From idealized theories, the solvent relative permittivity is often predicted to serve as a quantitative measure of the solvent polarity. However, this approach is often inadequate since these theories regard a solvent as a non-structured continuum, not composed of individual solvent molecules with their own solvent-solvent interactions and it does not take into account specific solute-solvent interactions, such as hydrogen bonding and electron pair donor-electron pair acceptor interactions, which often play a dominant role in solute-solvent interactions. No single macroscopic physical parameter could possibly account for the multitude of solute-solvent interactions on the molecular microscopic level. 16 Thus, bulk solvent properties, like the relative permittivity and ionizing power can only poorly describe the microenvironment around the reacting species, which governs the stability of the transition state and thus the rate of the reaction. Hence, there have been a variety of attempts to quantify different aspects of solvent polarity and then use the resultant parameters to interpret solvent effects on reactivity through multiple regression. Various treatments for the above mentioned solvent-solvent-solute interactions based on linear solvation energy relationships (LSER) have been developed. 10 The specific solvation is determined principally by the acidity and basicity of the solvent. Swain et al. 17 believed that, in relation to specific solvation, the important characteristics of a solvent affecting chemical reactivity are its anion solvating tendency (A) and cation solvating tendency (B). Thus the observed kinetic data were analysed in terms of the Swain LSER. From the magnitude of the coefficients a and b, the percentage contributions of A and B to the reactivity were calculated 18 and the results are given in Table II . The excellent correlation indicates the existence of specific local electrostatic solute-solvent interactions. In all the solvent mixture, the cation solvating tendency plays the major role.
The negative sign of the coefficient of the term B, except in tert-BuOH-water mixutres, shows that the magnitude of the specific interaction between the reactants and the solvent is greater than that of the transition state-solvent interactions. 19 This may be due to the fact that with increasing mole fraction of organic solvent in the mixture, the carbocation becomes increasingly solvated which hinders the approach of the large oxidant molecule to the carbon atom necessary for the formation of the transition state and hence the rate of oxidation is decreased. Further, as the organic solvent concentration increases in the mixture, more and more organic solvent molecules are introduced into the solvation shell, thereby increasing the hydrophobic environment of the enol form. Increasing hydrophobicity destabilizes the enol form and consequently the rate of the reaction is decreased. In tert-BuOH-water mixtures the positive sign of the coefficient of the B term shows that the magnitude of the specific interaction between the transition state and the solvent is greater then of that between the reactants and the solvent. Since, tert-BuOH is a hydrogen bond donor solvent, increasing its mole fraction in the medium may result in increased solvation of the oxygen atom of the oxidant through hydrogen bonding and make its transfer to the substrate carbon difficult. In order to obtain a deeper insight into the specific co-solvent interactions which influence the reactivity, an attempt was made to adopt the solvatochromic comparison method developed by Kamlet and Taft. 20 This method may be used to unrevela, quantify, correlate and rationalize multiple interacting solvent effects on reactivity. The kinetic data were correlated with the solvatochromic parameters a , b and p * characteristic of the different mixtures using the following form of LSER.
where p * is an index of solvent dipolarity/polarizability which measures the ability of the solvent to stabilize a charge, or a dipole by virtue of its dielectric effect, a is the solvent HBD (hydrogen bond donor) acidity, b is the solvent HBA (hydrogen bond acceptor) basicity and A o is a regression value of the solute property in reference to cyclohexane. The regression coefficients s, a and b measure the relative susceptibilities of the solvent dependent solute property log k to the indicated solvent parameter. The rates of oxidation in all the water-organic solvent mixtures studied show excellent correlation with the solvent via the above LSER. The correlation results obtained are given below. From the values of the regression coefficients, the contribution of each parameter on a percentage basis were calculated and are listed in Table II . The observation of this systematic multiple regression analysis leads to the following preliminary conclusions. i) In water-DMSO mixtures, the contribution of the solvent dipolarity/polarizability p * to the total solvent effect is predominant. The negative sign of the coefficient of this term indicates that the solvation of the reactants by the solvent mixture is extensive. Since DMSO is a HBA solvent, increasing its mole fraction in the mixture may shift the keto-enol equilibrium to the left and decrease the enol population in the medium and consequently decrease the rate of the reaction. ii) In water-acetone mixture, the contribution of the solvent HBAbasicity b to the total solvent effect is predominant. The negative sign of the coefficient of this term suggests that the solvent mixture solvates the reactants more than the transition state. Since acetone is a HBAsolvent, increasing its mole fraction in the mixture may abstract the proton from the enol form and thereby shifts the equilibrium towards the keto form and consequently decrease the rate of the oxidation. Furthermore, the solvent dipolarity/polarizability p * also plays an appreciable role. The positive sign of this term indicates that solvation of the transition state is extensive. As a result of these two opposite effects the lowest rate was observed in this mixture. iii) The contribution of the solvent dipolarity/polarizability p * is greater in the case of the water-1,4-dioxane mixture. The transition state is more effectively solvated than the reactants as indicated by the positive sign of the coefficient of the term. Since 1,4-dioxane is a less polar solvent (having very low relative permittivity ca. 2.209), increasing its mole fraction in the mixture may destabilize the transition state, which is more polar than the reactants (as indicated by Grunwald-Winstein mY plot), and consequently decrease the rate of the reaction. iv) In water-tert-BuOH mixture, the solvation of the reactants by the solvent through its HBD property is found to be predominant. Since tert-BuOH is a HBD solvent increasing its mole fraction may discourage the removal of proton from carbonyl oxygen of the enol moiety to form the transition state and hence decrease the rate.
It can be concluded that the rate data indicate substantial solvent effects on the title reaction, showing strong dependencies on the nature and amount of the organic solvent added to the reaction medium. Ispitivana je kinetika oksidacije 3-metil-2,6-difenil-piperidin-4-ona hinolinium fluorohromatom (QFC) u vodenim rastvorima dimetilsulfoksida, 1,4-dioksana, tert-butanola i acetona. Uticaji dodatih korastvara~a na reaktivnost analizirani su uz pomo} raznih prostih i regrasionih jedna~ina, kao npr. Laidler-Eyring, Grunwald-Winstein, Swain i Kamlet-Taft jedna~ine. Dobijeni razultati pokazuju da fenomeni solvatacije dominantno uti~u na reaktivnost. 
